The amino acid sequence of the so-called 70 kDa (actually 64 kDa) serine protease secreted by the Gram-negative fish pathogen Aevomunas salmonicida has been determined. It shows a high degree of homology with the complete sequence of other bacterial serine proteases which, with molecular masses of approximately 30 kDa, are less than half its size. This homology is particularly marked in regions adjacent to the catalytic triad Asp32, His64 and Ser221 of subtilisin BPN'. Significant features of the A. salmonicida enzyme, a new member of the group of cysteine-containing subtilisin-type serine proteases, are the presence of six cysteine residues in the mature enzyme, a 37 amino acid extension at the N-terminus and 215 amino acids at the C-terminus when compared with subtilisin BPN. In addition to a number of smaller peptide insertions there is a non-aligned 32 amino acid sequence in a position corresponding to its introduction between Lys213 and Tyr214 of subtilisin BPN'. This sequence is highly hydrophilic, with Asp/Asn accounting for 10 of the 32 amino acids. Further, the possession of two Cys residues separated by 24 amino acids provides the capacity for stabilizing the peptide as an externalized loop.
Introduction
Furunculosis is a disease of salmonid fish caused by the Gram-negative bacterium Aeromonas salmonicida. A characteristic of the disease is the appearance of furuncles in the form of elongated swellings along the side of the infected fish which contain liquefied muscle tissue. This liquefaction is caused by a serine protease secreted by all typical strains of A . salmonicida subsp. salmonicida (Fyfe et al., 1986 (Fyfe et al., , 1987 , in which it is considered to be one of the two most important extracellular virulence factors (Ellis, 1991) .
A number of other bacterial species have been shown to produce extracellular serine proteases, of which the best known is subtilisin BPN', secreted by Bacillus amyloliquefaciens, for which a three-dimensional model is available showing the arrangement of all the amino acids (Wells & Estell, 1988) . The substrate-binding site consisting of a triad of amino acids has been characterized and similarities have been identified between all the *Author for correspondence. Tel. (0602) 709362; fax (0602) 422225.
Abbreviation : VR, variable region. bacterial serine proteases studied (Siezen et al., 1991) , the majority of which have molecular masses in the region of 30 kDa, considerably less than the estimated 70 kDa, based on SDS-PAGE data, of the A. salmonicida enzyme. In view of this dissimilarity it was of interest to carry out sequence studies in order to compare the arrangement of amino acids, particularly in the region of the catalytic triad, with those of the other bacterial serine proteases to determine how the extra amino acids are accommodated and how the substrate-binding site might be affected by the doubling of the amino acid chain length of the mature protein.
Methods
The predicted amino acid sequence of the serine protease of A. salmonicida was derived from a nucleotide sequence (EMBL accession no. X67043) (Whitby et al., 1992) . Sequence alignments were made using the CLUSTAL program.
Results and Discussion
The complete sequence of the mature A. salmonicida serine protease is shown in Fig. 1 . With a molecular mass 0001-7715 0 1993 SGM G . Coleman and P. W. Whitby of 64173 Da it consists of 597 amino acids, compared with the 275 in subtilisin BPN' (Fig. 2) . Thus, the 37 and 215 amino acid sequences Asnl-Ser37 and Glu382-Ser597, respectively, project beyond the regions of homology with the other serine proteases shown in Fig.  2 . There are no obvious outstanding features of these projections and they bear no homology with any other sequences in the EMBL Database.
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The alignment of amino acids Gly38 to Gly381 in the A . salmonicida serine protease ( Fig. 1 ) with the complete sequence of subtilisin BPN' is shown in Fig. 2 , compared with a number of other bacterial serine proteases of the subtilisin type (Kwon et al., 1988) . A high degree of homology can be seen with the smaller molecular species over the region of the catalytic triad of subtilisin BPN', with sequences being particularly well-conserved around the key amino acids Asp32, His64 and Ser221.
Sequence homology was observed not only for the catalytic triad but Ser125-Leu126-Glyl27, which forms one wall of the active-site crevice of subtilisin BPN', is closely similar to the corresponding sequence Ser-LeuVal in the A . salmonicida enzyme, whilst Ala152-Ala153-Gly154, which forms the opposite wall of the surface crevice of subtilisin BPN', is faithfully conserved (Robertus et al., 1972) . All the sequences shown in Fig. 2 , excluding the A . salmonicida enzyme, contain Am155 at the end of this latter conserved segment, which helps to stabilize the oxyanion generated in the tetrahedral transition state (Carter & Wells, 1990) . However, in the 64 kDa protease the same conserved sequence is duplicated and Asn does, in fact, appear at the end of the duplicate sequence closer to the primary binding site, Ala 160-Ala 16 1 -Gly 162-Asn 163. These observations suggest a similarity of tertiary structure with other serine proteases sufficient to allow the use of presently available three-dimensional models in the study of substrate specificity, i.e. the nature of the preferred amino acid side chains adjacent to the site of hydrolytic cleavage (Siezen et al., 1991; Fersht, 1977) .
It is interesting to note that replacement of Met222 with one of the non-oxidative residues Ala, Ser or Leu led to mutant subtilisin BPN' with activity reduced by 47-88 % but with complete resistance to oxidation (Estell et al., 1985) . The A . salmonicida enzyme is the only one shown in Fig. 2 in which Met222 is replaced, the replacement being Ser.
The most significant features of the A . salmonicida enzyme revealed from optimal alignment of conserved sequences are non-aligned 4, 6, 14 and 32 amino acid peptide sequences between Gln185-Arg186, Va1143-Ala144, Ala179-Val180 and Lys213-Tyr214 of subtilisin BPN', respectively. Such features are not uncommon among the serine proteases, in which they exist as externalized peptide loops connecting a-helices and psheets, referred to as variable regions (VRs) which may vary in length from a single residue to 15 1 residues as in Lactococcus lactis S K l l cell wall protease (Estell et al., 1985) . The structural non-equivalence of these loops may result from amino acid additions or deletions or they may result from loop flexibility or thermal motion (Gros et al., 1990) .
However, the novelty of the A . salmonicida protease, as shown in Fig. 3 , compared with other VR-containing bacterial proteases of both Gram-positive and Gramnegative organisms (Siezen et al., 1991) is not that its 32 residue VR is a somewhat larger continuous sequence than those which appear in other bacterial serine proteases in the same position in relation to the a-helix of the primary substrate binding site and the adjacent extended /I-sheet structure but, more significantly, it contains two cysteine residues separated by a 24 amino 
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which two are in the hydrophilic peptide. The sequence shown in Fig. 2 accounts for 36 kDa of the 64 kDa molecular mass of the mature enzyme, of which 6 kDa is accountable to variable regions, the remainder being distributed 4 kDa at the N-and 24 kDa at the Cterminus.
It is interesting to note that whilst the enzyme is stabilized by disulphide bridges, with optimal activity at 50 "C and a pH of 9.5, its natural environment is in the cold, and the producing organism does not grow at temperatures above 25 "C. The preferred substrate of the enzyme is casein but in an infected animal it destroys musculature and produces furuncles (Finley, 1983) .
In view of the role of this A . salmonicida enzyme as a virulence factor in furunculosis and its application as a vaccine constituent it is important that a structureantigenic function picture be built up with the identification of key immunoaccessible epitopes ; in this regard the hydrophilic 32 amino acid loop presents itself as one obvious candidate. acid sequence which provide the capacity for loop stabilization by the formation of a disulphide bridge. Computer-generated Kyte-Doolittle hydropathy plots (Kyte & Doolittle, 1982 ) over a 52 amino acid sequence, upstream from positions corresponding to amino acid 225 of the subtilisin BPN' sequence (see Fig. 2) , of the enzymes compared in Fig. 3 showed that the A . salmonicida peptide sequence possessed by far the greatest hydrophilicity. This may be attributed to the fact that Asp/Asn account for 10 of the 32 residues of this VR. Two of the smaller VRs have even greater proportions of dibasic amino acids, thus, 3 of 6 are Glu/Gln and 6 of 14 are Asp/Asn. It is also of interest, and perhaps significant, that the peptide from which the DNA probe was constructed (Whitby et al., 1992) appears in this 32 residue sequence-a reflection of accessibility ?
The A . salmonicida enzyme is clearly a new member of the group of cysteine-containing subtilisin-type serine proteases, having six cysteine residues along its length with only three in the region of the catalytic domain, of 
